McArdle disease (glycogen storage disease type V) is a rare hereditary metabolic myopathy. It can be overlooked clinically because it often presents as chronic asymptomatic hypercreatine phosphokinasemia (hyperCKemia). However, vigorous exercise or infections can trigger severe rhabdomyolysis. We present the case of a patient with long-term idiopathic hyperCKemia who, after contracting an upper respiratory tract infection, developed severe rhabdomyolysis and acute kidney injury. Upon hemodialysis, his renal function recovered and CK levels fell to below baseline, and maintenance therapy with vitamin B6 was also started. A molecular diagnosis of McArdle disease was subsequently made. Whole-exome sequencing revealed homozygous c1538delG (p.Asp511Thr fs*28) mutations in the PYGM gene, which was a novel mutation. Therefore, when investigating idiopathic hyperCKemia, glycogen storage disorders should also be considered.
Introduction
Patients with chronic asymptomatic hypercreatine phosphokinase (CK)emia do not present with severe symptoms and tend to be overlooked. In these cases of chronic or intermittent muscle destruction (presenting as hyperCKemia), patients usually present with few symptoms and no renal failure [1] . However, acute kidney injury (AKI) is a potential complication of severe rhabdomyolysis, regardless of the cause of rhabdomyolysis [1] . Additionally, if AKI occurs as a result of rhabdomyolysis, the prognosis of patients with hyperCKemia is substantially worse. Causes of rhabdomyolysis include common pathological conditions such as drug-induced hyperCKemia, but also genetic defects [1, 2] , such as McArdle disease, which is also known as glycogen storage disease type V [2] . Our experience of treating a patient with McArdle disease and rhabdomyolysis is described below.
Case report
The patient was a 57-year-old man and his family history was unremarkable. He underwent further evaluation for hyperCKemia 7 years previously, but the cause remained unidentified. Based on this background, the cause of hyperCKemia was hypothesized to be drug-induced myopathy caused by antihypertensive medication (he was a hypertensive patient), and his prescription was adjusted. His CK concentration was between 2000 and 10,000 U/L while he was under observation, and he was unaware of any subjective symptoms. He displayed symptoms of an upper respiratory airway infection and elevated fever the day before he visited our hospital. However, the causative organism of this infection was not identified. After this, his movement gradually weakened in the extremities and he was finally unable to move, whereupon he was admitted to our hospital. The findings of blood examination at admission were marked hyperCKemia (298,940 U/L), hypermyoglobinemia (115,520 ng/mL), hyperpotassemia (7.5 mEq/L), and AKI (creatinine 3.19 mg/dL), and he was hospitalized for treatment (Table 1) . When he was hospitalized, he was in an anuric state. There were no abnormal findings upon brain magnetic resonance imaging (MRI) examination. The cause of his inability to move was hypothesized to be rhabdomyolysis based on the remarkably high CKemia levels. MRI [Short-Tau Inversion Recovery (STIR)] imaging showed diffuse high signals in his bilateral thighs, which suggested myolysis (Fig. 1a , b red arrow). His kidney was enlarged (Fig. 1c , computed tomography examination), and it was hypothesized that AKI was a secondary condition resulting from myolysis. The day after admission, his CK level rose to 436,400 U/L and hemodialysis (HD) was started for AKI (creatinine, 6.72 mg/dL) and hyperpotassemia (6.3 mEq/L) resulting from rhabdomyolysis (Fig. 2) . The patient underwent a total of seven HD treatments, and his myoglobin and CK improved to within the normal range. Ultimately, his urine volume was sufficiently secured and he was able to withdraw from HD therapy.
Because the cause of sustained muscle injury remained unknown, we considered the presence of a genetic disorder and performed a muscle biopsy on day 30 after admission. We performed a muscle biopsy from the muscles of the upper arm that showed abnormal findings on MRI. His muscle tissue magnitude discordance was mild and lymphocyte infiltration was not found in the tissue. In the muscle biopsy tissue, regenerating fiber necrosis was unclear. In the collected muscle tissue, vacuolated muscle fiber was found, which suggests that rhabdomyolysis was present, although it was slight (Fig. 1d green circle) . We recalled glycogen storage diseases are diseases that are likely to cause this remarkable hyperCKemia. For this reason, simultaneous screening tests of filter paper blood centered on glycogen storage disease (especially muscle glycogenoses) were performed. This examination showed a remarkable lack of the enzyme. Because a definitive diagnosis of glycogenogenic disease, which is a differentiating disease for myolysis, is made based on enzyme activity of muscle glycogen phosphorylase using biopsy muscle tissue [3] , we measured the patient's enzyme activity. The activity of muscle glycogen phosphorylase was markedly decreased at 2.7 µmol/min/g muscle tissue [control muscle glycogen phosphorylase activity: 58.9 ± 17.5 (mean ± SD)]. Next, we performed gene analysis for mutations in the PYGM gene, which encodes the muscle-specific isoform of muscle glycogen phosphorylase. Whole-exome sequencing revealed homozygous c1538delG (p.Asp511Thr fs*28) mutations in the PYGM gene (Fig. 3) . The mutation in the PYGM gene was a novel mutation. Based on the reduction in enzyme activity and the pattern of genetic mutation, it was confirmed that McArdle disease was the cause of his myolysis. After the final diagnosis, the patient was given 90 mg/ day oral vitamin (vit) B6 supplements (pyridoxine hydrochloride) as a treatment based on previous treatment reports [4] . Treatment with vit B12 was started to maintain the renal function that had recovered following HD. Renal function fully recovered following this treatment and the CK level improved to approximately 1000-2000 U/L. He was discharged on day 110 after admission.
There was no family medical history of consanguinity where AKI occurred or where muscle weakness was conspicuous. However, his paternal grandparents and parents had consanguineous marriages (Fig. 3 ).
Discussion
Our patient had been followed for 7 years without identification of the cause of muscle injury (presenting as hyperCKemia). When he was in mortal danger from AKI and hyperpotassemia caused by rhabdomyolysis, the cause was finally diagnosed as McArdle disease. When differentiating between idiopathic muscle injury that presents as hyperCKemia, inborn errors of metabolism including glycogen storage diseases should be considered. In this case, a definite diagnosis of McArdle disease was confirmed by enzyme activity measurement and gene analysis of muscle biopsy tissue. The patient's renal dysfunction resulting from rhabdomyolysis ultimately resolved fully after HD. The patient's CK concentration was reduced after receiving oral vit B6 therapy and he was subsequently discharged from the hospital. He had a novel mutation, with no published report of this variant in the past. Therefore, we considered the variant in the PYGM gene to be a novel mutation because the p.Asp511Thr frameshift in the PYGM protein caused by other variants was already reported and in silico analysis also evaluated this variant as likely pathogenic. Among glycogenogenic diseases, congenital metabolic disorders exhibiting muscle symptoms are called myogenic glycogen storage diseases. There are 11 hereditary disorders of glycogen metabolism that affect the muscle [5] . Brian McArdle reported the first patient in 1951, who presented with exercise-induced myalgia [6] . McArdle disease (glycogen storage disease type V) is a rare hereditary metabolic myopathy that is caused by a deficiency in muscle glycogen phosphorylase. This disease has an autosomal recessive mode of inheritance [7, 8] . Muscle glycogen phosphorylase exists in the muscle cell in association with vit B6, and most vit B6 in the body (85%) is pooled in skeletal muscle. The activity of muscle glycogen phosphorylase in patients with McArdle disease is below 10% of normal. Thus, secondary vit B6 deficiency is caused by this disease. The vit B6 content in muscle biopsy specimens from McArdle disease patients is decreased markedly [6] . Vit B6 is a co-factor for numerous enzymes that are involved in amino acid metabolism and neurotransmitter biosynthesis. Muscle glycogen phosphorylase also requires vit B6 as a cofactor. Therefore, vit B6 has been used as a therapeutic agent for McArdle disease [7] . In previous reports of patients with McArdle disease, muscle fatigue significantly decreased after several weeks of vit B6 supplementation [7] . Therefore, it is thought that vit B6 therapy for McArdle disease is important for asymptomatic hyperCKemia in the chronic phase. However, there is no report that vit B6 was effective for treating acute rhabdomyolysis. This is presumably because McArdle disease is rare and it infrequently causes rhabdomyolysis. Furthermore, it is possible that the diagnosis may not be in place in the acute phase when rhabdomyolysis develops.
The relationship between rhabdomyolysis and infection in our patient was considered based on a review on pathological conditions in metabolic myopathies, as described below [9] . The energy required for muscle contraction is supplied by adenosine triphosphate (ATP) and the glycolytic system is required for ATP production in muscle. However, in McArdle disease, there is a deficiency in muscle glycogen phosphorylase, which causes impaired glycogen degradation and results in decreased ATP production and tricarboxylic acid (TCA) cycle inhibition. Thus, there is insufficient ATP for skeletal muscle contraction, resulting in exercise intolerance, painful muscle spasms during exercise, and CK elevation. Rhabdomyolysis is a symptom of exercise intolerance caused by ATP depletion in McArdle disease. Therefore, McArdle disease shows muscle symptoms caused by ATP depletion in the muscle. The symptoms of muscle results from substrate use disorder for ATP production. Although muscle injury is frequent in McArdle disease, massive rhabdomyolysis with severe AKI has rarely been reported [10] . However, in the absence of muscle glycogen phosphorylase activity, a history of vigorous physical exercise or infections can trigger more severe rhabdomyolysis [11, 12] , as in our patient. Our patient showed constant mild muscle injury, although it was asymptomatic. However, he had an upper respiratory airway infection and a fever for a few days before being admitted to our hospital. We speculate that, in our patient, infection and fever were involved as factors that promoted depletion of ATP. We hypothesized that this infection caused his severe muscle symptoms and induced rhabdomyolysis.
His family history was unclear because, to the best of the patient's knowledge, there were no family members whose symptoms had become serious before. Therefore, we speculated that they may have only been carriers of the mutation, because they had a full life span. However, his paternal grandparents and parents had consanguineous marriages. Because compound heterozygous PYGM mutations are relatively common [13] , this consanguineous marriage may explain why this novel homozygous mutation occurred. Additionally, his muscle biopsy tissue showed almost normal findings. Vacuolated muscle fibers, a finding that suggests rhabdomyolysis, were confirmed, although it was rare. This suggests the following: first, it was conceivable that the collected tissues were not from injured areas, and second, that the muscle organization did not exhibit any abnormality because the biopsy was taken too early. In severe rhabdomyolysis, at least several weeks should pass after the clinical event before performing a muscle biopsy because the muscle biopsy findings will be uninformative at an early stage, when the tissue may show no specific findings other than necrosis [1] . There was a previous report that vit B6 status and muscle performance may be linked in McArdle disease and that there is the potential for enhancement of muscle performance with vit B6 supplementation [7] . Another study suggests that the ingestion of sucrose before exercise can markedly improve exercise tolerance in patients with McArdle disease [14] . However, effective treatment methods for this disease have yet to be clarified. The patient benefited from HD treatment with a progressive and complete recovery of his renal function after seven HD treatments. Additionally, his CK remained low after taking vit B6 orally.
Rhabdomyolysis is diagnosed based on increased muscle cell content in the blood, including myoglobin, creatine kinase, potassium, and various sarcoplasmic proteins [1] . The risk of AKI in rhabdomyolysis is usually low when CK levels at admission are less than 15,000-20,000 U/L [15] . However, in this case, the patient had AKI induced by rhabdomyolysis because his peak CK concentration was 436,400 U/L.
The primary feature of managing rhabdomyolysisinduced AKI is the initial, aggressive replenishment of body fluids. Patients often require approximately 10 L of fluid per day, although the infusion dose is adjusted based on the severity of rhabdomyolysis [1] . There was no indication for administering sodium bicarbonate, which results in alkaline urine [1] . There was also no indication to use therapeutic strategies involving alkalinization, mannitol, or diuretics, which are more empirical approaches [1] . The techniques and devices used for classic dialytic techniques do not remove myoglobin effectively because of the size of the protein [16] , and it is recommended that dialysis therapy should be a renal indication (treatment of refractory hyperkalemia, acidosis, or volume overload) [1] . However, a previous report showed that using a super-high-flux membrane for continuous hemofiltration achieved much greater myoglobin clearance compared with conventional hemofiltration [17] . However, this device is unfortunately not available for use in Japan.
Conclusion
Herein, we investigated idiopathic hyperCKemia, and congenital metabolic disorders, such as McArdle disease, that should be kept in mind. Additionally, when a patient presents with rhabdomyolysis, it is necessary to perform a large-volume fluid infusion or dialysis as a renal indication. Finally, this case showed a novel compound heterozygous mutation in PYGM in a patient with McArdle disease.
